Basic in vitro techniques, linked with the increase of genetic variability and acceleration of the breeding process, have been mastered and applied in sunflower breeding programs at Dobroudja Agricultural Institute, Bulgaria.
INTRODUCTION
A number of in vitro and biochemical methods have been developed, which aim to increase the available genetic variability of the initial breeding material or to intensify the breeding process by applying appropriate methods for evaluation and selection of desirable genotypes and unification of the heterozygous progenies culture (Gunda Mix, 1985; Mezzarobba and Jonard, 1986; Gürel et al., 1990; Thengane et al., 1994; Vasić et al., 2000) .
Although remarkable results have been achieved by applying biotechnology in many crops, the studies on the use of various in vitro methods for production of forms with valuable characteristics in sunflower have been unsatisfactory. A lack of statistically significant changes after plant regeneration from immature embryos of sunflower was pointed out by Freyssinet and Freyssinet (1988) who used a direct organogenesis system. Somaclonal variation transmitted to the next generation has been described by Pugliesi et al. (1991) and Roseland et al. (1991) . However, sufficient data describing the scope and heritability of the induced somaclonal variation are not available.
By the present review we make an attempt to reveal the recent progress in development and use of in vitro techniques in sunflower.
Somaclonal variation in sunflower
The results achieved at the Dobroudja Agricultural Institute are the first systematic investigation on somaclonal variation in sunflower. The studies on lines obtained by the method for induction of direct organogenesis and somatic embryogenesis from immature embryo show that it can be successfully applied for generation of genetic variation that can be included in the program for production of new initial breeding material as shown in Figures 1, 2, 3 and 4 Encheva, 2000) . The modifications in comparison to the initial line were confirmed by RAPD analysis, too (Encheva, 2000) .
The response of lines with normal cytoplasm, fertility restorers, hybrids and open pollinated varietes to in vitro cultivation of immature embryos by the methods of direct organogenesis and somatic embryogenesis was investigated. The results revealed that the group of F 1 hybrids was most responsive to in vitro cultivation in all five nutrition media used (85%), while the group of restorers was the least responsive (Table 1) . RHA-857 and Z-8-A during the period 1997-1999 It was established that the medium A1 modified by us and the use of explants produced under greenhouse conditions were very suitable for induction of direct organogenesis from immature embryos, allowing the application of this method all year round. Lines with high regeneration capacity were isolated; these can be successfully used in program for genetic transformation, cell selection and mutagenesis.
An investigation was carried out to compare somaclonal variation to induced mutagenesis with gamma rays in sunflower . Data showed that the modifications were identical, but they however differed in intensity with regard to flowering date and some morphological and biochemical characteristics. It can be added that the gamma-ray treatment had a positive effect on the regeneration frequency of the studied genotypes.
As a result from these experiments a number of lines with valuable economic indices and high combining ability were obtained. They were included as components in highly productive hybrids (Encheva, 2000) .
A combination of gamma irradiation and in vitro culture has been used by several authors in order to expand the scope of somaclonal variation in maize and wheat (Novak et al., 1988; Cheng et al., 1990 ) and a positive effect of this approach was observed.
Gamma-induced parthenogenesis in sunflower
There were several studies on the use of in vitro techniques for production of haploid and doubled haploid plants in cultivated sunflower, such as anther culture (Gunda Mix, 1985; Mezzarobba and Jonard, 1986; Gürel et al., 1990; Thengane et al., 1994 , Vasić et al., 2000 , pollen culture Todorova et al., 1993) and ovule culture (Gelebart and San, 1987) . However, none of these techniques can be successfully applied to breeding programs of sunflower due to its low regeneration frequency.
In 1993, investigations on the production of doubled haploid lines of sunflower by completely different means, based on γ-induced parthenogenesis, started at the Doubroudja Agricultural Institute (Todorova et al., 1994) .
As a result, conditions for reproducible regeneration of doubled haploid lines in Helianthus annuus L. were estimated (Todorova et al., 1997) .
It was found that the efficiency of the method was affected by the interaction between the genotype of the pollen source, the strength of γ-radiation effect and the genotype of the initial forms for parthenogenic induction (Figures 5, 6 and 7) . By using mixed pollen from the best pollen sources studied, the genotype specificity of the pollen donor was partially overcome (Todorova and Ivanov, 1999) . In a series of consequtive studies, radiation doses which suppress the fertilization ability of the pollen, but preserve its stimulating effect on the embryo sac of sunflower, were determined (Todorova and Ivanov, 2000) .
A total of 762 new lines were already produced by this method; these were included in the breeding programs of the Dobroudja Agricultural Institute. 
Distant hybridization and in vitro techniques
The in vitro technologies developed are widely used for solving the problems of distant hybridization. We have performed experiments mainly with anther culture from various species and interspecific hybrids, embryo culture of hybrid embryos and direct organogenesis.
The androgenic response was more clearly expressed in the species from the genus Helianthus than in the cultivated sunflower, but it was still unsatisfactory. We tested 60 accessions of species with various ploid levels, which were representatives of the groups with annual and perennial cycles of development. Regeneration was achieved in four perennial diploid species: H. mollis (M-012), H. salicifolius (M-045), H. decapetalus (M-043) and H. strumosus (M-126) . Differences between the species regarding anther culture could be observed and the ploidy level of the regenerants was determined by flow cytometry. Good results were achieved in the 60 interspecific hybrid combinations investigated, obtaining regeneration in 15 of them (Nenova et al., 1992; Todorova et al., 1995; Nenova et al., 1998; Nenova et al., 2000) .
Embryo culture significantly increases the efficiency of distant hybridization (Nenova et al., 1990 Table 2 shows the results from a four-year testing of some hybrids which exceeded the standard by the index seed yield per dekar. In 1998, the hybrids 2607 x 445/p, 2607 x 447/p and 2607 x 489/н were tested in France where they also exceeded the standards by 5.4%, 13.9% and 17.7%, respectively.
The method of direct organogenesis in interspecific and intergeneric hybridization was used for the first time in our laboratory (Encheva 1992; Encheva, 2000) . A large number of hybrid plants were produced from the following combinations:
This approach seems to be most promising, at least due to the fact that a large number of plants were produced from a single hybrid embryo, while in embryo culture one plant only was obtained.
The hybrid nature of the genotypes stabilized through the combinations mentioned above was also confirmed by RAPD analysis (Encheva, 2000 
CONCLUSIONS
The methods available for in vitro cultivation of sunflower allow to plan various experiments for production of new initial breeding material, its fast unification and inclusion in breeding programs.
Advantages of these methods can be summed up as follows: In many cases treatment with gamma-rays, ultrasound, etc., may be added to these schemes. By using these methods and schemes, a significant number of new lines have already been produced, their combining ability was investigated, highly productive (Tables 3 and 4 ).
Molecular analysis techniques are now being successfully adopted. RAPD analysis has already become a routine procedure. The hybrid nature of 70 lines produced from crosses of species from genus Helianthus and back-crossed several times with line HA2607 was confirmed with the help of this analysis.
Obviously, it is possible to conclude that the in vitro technologies already adopted and applied allow to realize various experiments leading to creation of rich initial breeding material. Valuable forms can be selected from this material, which can be fast unified, studied and included in breeding programs. 
APLICACIÓN DE CIERTOS LOGROS BIOTECNOLÓGICOS EN EL MEJORAMIENTO GENÉTICO DE GIRASOL

RESUMEN
En los programas de mejoramiento genético de girasol en el Instituto Agrícola de Dobroudja (Bulgaria) se han creado y aplicado las técnicas básicas in vitro, relacionado con el aumento de variabilidad genética e intensificación del proceso de mejoramiento genético.
El método de la órgano-génesis directa, se ha utilizado con éxito para las modificaciones genéticas de las líneas restaurador RHA-857, 147 R y Z-8-A y para la superación de imposibilidad de cruzamiento entre la especie H. annuus (híbrido Albena), por un lado, y Helianthus tuberosus, Helianthus salicifolius, Helianthus maximiliani, Helianthus silphiodes y Verbisina helianthodes, por otro lado, tanto como entre las especies H. annuus y H. mollis.
El método de la partenogénesis ã-inducida se ha aplicado con éxito en la cultivación de girasol (H. annuus L.) para la obtención de las líneas haplóides dobles. Se ha estudiado la habilidad partenogenética de las componentes parentales, femeninas, tanto como masculinas, y también la influencia de la radiación gama en el desarrollo partenogenético del embrión.
Hasta el momento se ha efectuado el gran número de investigaciones, orientadas hacia la investigación del potencial genético de las especies salvajes del género Helianthus. Nuestras investigaciones han sido orientadas hacia las posibilidades del método de cultivación del embrión y de antera del origen interspecies, incluyendo la utilización de la técnica de cultivación del embrión en las condiciones in vitro, hasta la producción y el ensayo de las líneas que directamente estén incluidas en el proceso del mejoramiento genético. Se han aislado los embriones de los híbridos interspecies (cultivados x salvajes y salvajes x cultivados) con la participación de las especies H. resinosus M-046, H. strumosus M-059, H. salicifolius M-045, H. ciliaris M-092, H. giganteus M-030, H. maximiliani M-087 y H. glaucophylus M-012. En dichas investigaciones han sido incluidas e investigadas 51 líneas nuevas, originadas del embrión de los cruzamientos interspecies mencionados.
Se ha obtenido mayor número de líneas originadas del embrión de las arriba mencionadas interspecies de cruzamiento, con valiosos índices económicos y alta habilidad de combinación, que, como componentes, están incluidos en los híbridos de alto rendimiento. Plusieurs lignes provenant des embryons de ces croisements interspecies ont été obtenues qui avaient un index économique avantageux et une grande aptitude à être combinés. Ils ont été classés comme hybrides très productifs.
APPLICATION DE CERTAINES RÉALISATIONS BIOTECHNOLOGIQUES À LA CULTURE DU TOURNESOL
